To improve our understanding of the relationship and possible associations between human papillomavirus (HPV) infection and the development of cervcal malignancies, the presence of multiple types of HPV DNA sequences in cervical carcinoma was determined in Chinese citizens living in two different geographical locations where the incidences of cervical carcinoma are either relatively low or extremely high. HPV DNA sequences were found in 88.5% (54 of 61) of Chinese cervical carcinoma patients living in Taiwan (Howley, 1991) . DNA-based analyses have consistently revealed a high prevalence of HPV 16 and 18 DNA sequences in cervical carcinomas (Gissmann, 1984; Brescia et al., 1986; Pfister, 1987; Xiao et al., 1988; Arends et al., 1990). However, factors other than HPV infections, such as host factors, have also been suggested to play important roles in the carcinogenesis of cervical carcinoma (zur Hausen, 1991) .
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To improve our understanding of the relationship and possible associations between human papillomavirus (HPV) infection and the development of cervcal malignancies, the presence of multiple types of HPV DNA sequences in cervical carcinoma was determined in Chinese citizens living in two different geographical locations where the incidences of cervical carcinoma are either relatively low or extremely high. HPV DNA sequences were found in 88.5% (54 of 61) of Chinese cervical carcinoma patients living in Taiwan, where the prevalence of cervical carcinoma is 23.7 per 100,000 women. In contrast, in LueYang in Shanxi province, an area with a very high prevaknce of cervical carcinoma (1,026 per 100,000 women), only 57.1% (28 of 49) of Chinese cervical carcinoma patients were found to be infected with genital HPV. This result seems (Howley, 1991) . DNA-based analyses have consistently revealed a high prevalence of HPV 16 and 18 DNA sequences in cervical carcinomas (Gissmann, 1984; Brescia et al., 1986; Pfister, 1987; Xiao et al., 1988; Arends et al., 1990) . However, factors other than HPV infections, such as host factors, have also been suggested to play important roles in the carcinogenesis of cervical carcinoma (zur Hausen, 1991) .
The prevalence of and mortality from cervical carcinomas among Chinese women living in Taiwan have been reported to be 23.7 and 6.15 per 100,000 women respectively (Reported Cancer Incidence, 1988) . Although Chinese living in mainland China have a very low rate of venereal disease (Wegman et al., 1973 ; Committee on Scholarly Communication with the People's Republic of China, 1981) , central China has one of the highest rates of cervical carcinoma in the world (Scherer, 1983; Peto & Hausen, 1986) . For example, the prevalence of cervical carcinoma in LueYang in the Shanxi province of China is 1,026 per 100,000 women based on an epidemiological survey of 12,980 women residents conducted in 1983 (Zhang et al., 1986) . The mortality resulting from cervical carcinoma in LueYang was 54.5 per 100,000 women (Zhang et al., 1986) . Both of these figures were the highest among all counties in China.
We report in the following text our examination and analysis of the presence of multiple types of HPV DNA sequences in cervical carcinoma tissues of Chinese patients living in Taiwan and LueYang, where the prevalence of cervical carcinoma is relatively low or extremely high.
MateriaL ad mwthods
Patients and cervical carcinoma tissues Cervical carcinoma tissue sections from 61 Chinese patients living in Taiwan (where the prevalence of cervical carcinoma is relatively low) and from 49 Chinese patients living in LueYang in the Shanxi province of China (where the prevalence of cervical carcinoma is extremely high) were the subjects of this investigation. These tissue sections were prepared from either fresh-frozen or paraffin blocks with disposable blades to avoid any cross-contamination of HPV.
Determination of the presence of HP V DNA sequences Two consecutive 5 iLm sections were cut from each of the paraffin blocks. One section was used for histopathological evaluation after staining (haematoxylin and eosin) and one for the extraction of total DNA with phenol and chloroform. The DNA was further purified by alcohol precipitation and then used for the determination of the presence of HPV DNA sequences by in vitro DNA amplification with consensus primers MY09 and MYl purchased from Perkin-Elmer Cetus (Norwalk, CT, USA). These primers are capable of amplifying DNA from LI ORF of genital HPV types 6, 11, 16, 18, 30, 31, 33, 35, 39, 40, 42, 43, 45, 51, 52, 53, 54, 55, 57, 58, 59 and from at least another 20 others as yet undetermined HPV types (Bauer et al., 1991) . Dermal HPV types 1, 5, 8, 26, 27, 41, 47 and 48 1.455 bp portion of the human P-globin gene DNA (Pao et al.. 1993) .
Precautions against contamination andfalse-positive results in PCR Because of the immense sensitivity of the PCR. every precaution was taken to minimise the possibility of contamination during sampling and subsequent processing (Pao et al., 1991a. b) . Steps were also taken to minimise sample-tosample contamination and PCR product carry-over in order to avoid false-positive results. These precautions include aliquoting of all reagents. physical separation of pre-and post-PCR reactions and use of disposable containers whenever possible. Furthermore, all reagents were irradiated with ultraviolet light to inactivate any contaminated double-stranded DNA before sample DNA was added and the PCR started. Fifty nanograms of human DNA or 1 ng of E. coli DNA was used as a negative control, which always yielded negative results. Multiple reagent controls were also included in each PCR assay and gave negative results. Repeated DNA amplification assays of the same specimens at different times produced the same results.
Results
The determination of the presence of HPV DNA sequences by PCR with consensus primers MYO9 and MYl 1 is illustrated in Figure 1 Smotkin & Wettstein. 1986 ). Despite all these reports, definitive proof of a causal role for HPV in cervical carcinoma is currently lacking. There is still controversy regarding the role of HPV in cervical malignancies. The small number of cervical carcinomas negative for HPV DNA may be genuinely unrelated to HPV infection or may contain other yet undetermined Figure 1 Agarose gel electrophoresis of amplified HPV DNA using consensus primers and the conditions described in the Materials and methods section. pGEM-3 DNA digested with a mixture of restriction endonucleases (Hinfl. RsaI and Sinl) was used as size standards in lanes A and J. and the sizes are (from top to bottom) 2.645. 1.605. 1.198. 676. 517. 460. 396. 350. 222. 179. 126. 75. 65 . 51 and 36 bp. Lanes B and C are the amplification of DNA from purified cloned HPV types 6 and 11 DNA respectively. Lanes D (HPV positive) and E (HPV negative) are the amplification of DNA from cervical cancer tissue sections from two patients. Lane F is the amplification of DNA from finger-like papillomatosis lesions from one patient (HPV negative). Lane G is the amplification of 50 ng of human DNA with the HPV consensus primers MY09 and MY II. Lanes H and I are the amplification of CaSki and HeLa cells. respectivelv. which are known to contain HPV types 16 and 18 respectively. There is presently no explanation for the relatively low HPV prevalence in a population with extremely high cervical carcinoma incidence in China. Host factors are among the possible causes that might have contributed to this extremely high incidence of cervical carcinoma in LueYang. It is not impossible that these residents are genetically predisposed to be at-risk for cervical carcinoma owing to mutational alterations in certain host genes that possess tumour-suppressive activities. This notion is in accordance with the fact that LueYang is an isolated inland farming community and local residents very frequently marry residents from within the same community. Studies are also currently under way to determine whether transient recently acquired versus chronic persistent HPV infections may exist in these two patient populations which may have a different outcome with regard to the development of cervical malignancies.
Whatever the underlying reasons for the extremely high cervical carcinoma incidence in LueYang, our results seem to suggest that HPV may not be the only factor that determines the development of cervical carcinoma. at least in certain geographical areas. Cervical carcinomas in these patients may provide us with an excellent opportunity to examine the possible role of host factors. including tumour-suppressor genes, in the carcinogenesis of cervical carcinoma.
